When grown on hydrocarbons as sole carbon source, some microorganisms oxidize specific nalkanes or alkenes to the homologous alkanoic acids and incorporate them directly into cellular lipids (8-10, 17, 19) . In some cases direct incorporation is limited to hydrocarbons of specific chain lengths (10) . Other microorganisms show little or no correlation between hydrocarbon substrate and cellular fatty acids (3, 12, 14, 28) ; presumably they metabolize the products of initial oxidation via ,B-oxidation to acetyl CoA and synthesize cellular fatty acids de novo. Direct incorporation is indicated by an increase in intracellular fatty acid homologous to the hydrocarbon growth substrate. As cells contain few odd-carbon fatty acids, an increase in odd-carbon acids after growth on an odd-carbon hydrocarbon is also taken as evidence for direct incorporation and may indicate 2-carbon additions to or subtractions from the acid incorporated.
In contrast to the lipids of other microorganisms, relatively little is known of the lipids of filamentous fungi, and hydrocarbon-using fungi have received little attention. The organism used in this study was isolated from a contaminated hydrocarbon fuel system (11) . It was identified for us as Cladosporium resinae by D. G. Par- bery, University of Melbourne, Parkville, Victoria, Australia. C. resinae, the "kerosene-fungus," is widely distributed as a component of the soil microflora (26) . Parbery (25) observed and described the perfect state of the organism and classified it as Amorphotheca resinae (gen. nov., sp. nov.).
MATERIALS AND METHODS
Organism. The strain of C. resinae is coded UD-42 in our collection. It was maintained in Sabouraud dextrose agar. Starter cultures were prepared in 250-ml flasks with 100 ml of the appropriate medium per fermentor. Flask cultures were incubated at 25 C on a reciprocal shaker.
Media. All media were based on the salts solution of Bushnell and Haas (6) which contains ammonium nitrate as nitrogen source. When glucose was the carbon source, 10 liters of salts solution in a 14-liter fermentor jar was supplemented with 2% glucose and 0.01% (w/v) yeast extract. The pH was adjusted to 5.7, the jar was sealed with provisions made for venting, and it was autoclaved for 90 min at 15 psi. For hydrocarbon media, a 10-liter salts solution was prepared and sterilized in the same fashion. After the solution cooled, 100 ml of a hydrocarbon sterilized by membrane filtration was added: n-decane, n-undecane, n-dodecane, ntridecane, n-tetradecane, or Jet-A commercial jet fuel. Such Immediately after inoculation and at intervals thereafter, 50-to 100-ml samples were removed from the culture. Each sample was tested for contamination by examining an air-dried smear stained with safranine. The pH of the sample was determined. A known volume of sample was centrifuged at 27,000 x g, and the cells were washed three times with water. Washed cells were transferred to a tared planchet, dried to constant weight at 110 C, and weighed to determine cell dry weight. Difficulties were encountered in sedimenting cells grown on hydrocarbons. A surface scum was always present in the supernatant fluid after centrifugation, and a firm pellet was not obtained. Therefore, an alternate technique was employed using preweighed Whatman no. 50 filter paper. A known volume of culture was filtered, the cells were washed on the filter, and the paper was dried to constant weight at 110 C and subsequently weighed.
When the dry weight, the pH, or both remained unchanged for two successive readings, cultures were judged to be in the stationary phase. Cells were harvested at 27,000 x g at 5 C. Cells that adhered to the fermentor parts below the level of the medium were collected by scraping and added to cells from centrifugation. Cells were then washed three times and dried in a model FDC Thermovac lyophilizer.
Preparation of fatty methyl esters. Duplicate 400-mg samples of dried cells were weighed, and I mg of lauric acid was added to one sample as an internal standard. Cellular fatty acids were extracted and converted to their corresponding methyl esters by direct transesterification with BF3 in methanol (22) as modified by Dunlap and Perry (9) . Methyl esters were then taken up in 1.0 to 2.0 ml of hexane for gas-liquid chromatography (GLC). Prior to analysis, samples were stored at -20 C under nitrogen. With lauric acid as standard, yields of 94 to 119% were obtained as methyl laurate.
Gas 
RESULTS
Among the substrates used, glucose supported the most rapid growth and yielded the largest mass of cells (Table 1 ). The pH fell in hydrocarbon cultures, indicating that extracellular organic acids were produced. Because cells tended to adhere to the fermentor, pH proved to be a more reliable measure of growth than cell dry weight. C. resinae grew more rapidly and more extensively on the shorter chain n-alkanes than on the longer chain n-alkanes. n-Dodecane was an exception since less total cell mass was obtained than on n-tridecane or n-tetradecane, and stationary phase was reached in the shortest time of all hydrocarbon cultures. On Jet-A, the organism had an intermediate growth rate but the poorest cell yield. Examination of dried smears indicated that conidial and mycelial forms were present in all cultures; no attempt was made to separate them.
A typical GLC tracing is presented in Fig. 1 (Fig. 1) . Table 2 summarizes qualitative and quantitative data obtained from GLC analyses of the total cellular fatty acids of C. resinae. In all cases the predominant fatty acids were 16:0, 18: 1, and 18:2, which represented 84 to 92% of the total. In glucose-grown cells odd-carbon fatty acids comprised 2.2% of the total, and 77.8% of the fatty acids present were unsaturated.
In n-decane-grown cells odd-carbon acids represented 1.8%; unsaturated acids comprised 75.9%. No 10:0 was detected, but a trace of 20: 0 Was present. In cells cultured on n-undecane odd-carbon fatty acids comprised 3.2% of the total, and unsaturates comprised 62.9%. A trace of 11 :0 was detected. Fatty acids from n-dodecane-grown cells included 1.9% odd-carbon acids. Unsaturated acids accounted for 69.5% of the total, and a trace of 12:0 was detected. nTridecane-grown cells yielded the highest content of odd-carbon fatty acids (8.4%) and a small amount (1.2%) of 13:0 was detected. Unsaturated acids represented 68.1%. Only trace amounts of odd-chain fatty acids were detected in cells grown on n-tetradecane, and, as with ndecane and n-dodecane-grown cells, odd-chain acids represented less than 2% of the total. Unsaturated acids comprised 74.5%, and 14:0 represented 6.45% of the total. A peak corresponding to n-tetradecane was observed on chromatograms. In Jet-A-grown C. resinae the oddcarbon fatty acids represented 2 obtained on glucose is low, and growth was significantly less with hydrocarbons as sole sources of organic carbon. Bekhtereva et al. (2) noted decreased cell yield when n-hexadecane or kerosene was added to glucose cultures of Blakesleea trispora. However, in the present work low yields appear to be related to use of deep culture techniques because the organism develops a luxurious mycelial mat in quiescent culture on any of three kerosene-type jet fuels (7) , including Jet-A, which supported the least growth in the present work. Ratledge (29) obtained better growth of a Candida species on hydrocarbons in shake flasks than in a fermentor unless an apparent excess of hydrocarbon was present in the fermentor and unless inoculum, agitation rate, and ionic strength were optimum.
Filamentous fungi in general do not grow rapidly on single n-alkanes (28) . Dependence of rate and amount of growth on the chain length of nalkane substrate is not unusual. lizuka et al. (16) examined two fuel isolates identified as a Cladosporium species and Hormodendrum hordei, respectively, for ability to use n-alkanes from C-8 through C-18. Each isolate grew well on the series C-9 through C-18; stationary cultures yielded 3 to 6 g of dried cells per liter. Rate and (21) , who observed that a Cladosporium species grew on n-decane and n-tetradecane but not on n-dodecane. Some strains of Fusarium, Aspergillus, and Penicillium which will not grow on one n-alkane grow profusely on the n-alkane which has one more carbon (23) . It may be significant that lauric acid, the expected product of monoterminal oxidation of n-dodecane, inhibited growth of Mycotorula japonica on n-hexadecane. The growth of hydrocarbon-using bacteria is also related to substrate chain length. For example, Micrococcus cerificans will not grow on alkenes of less than 10 carbons, and growth increases with chain length through 18 carbons (19) . The fatty acid composition of C. resinae is similar to that of other fungi, which contain 16:0, 18:1, and 18:2 as their principal fatty acids (4, 13, 18, 24, 27, 30) . Branched, cyclopropane, or hydroxy fatty acids, which are often found in bacteria, were not detected. We are not aware of any previous attempt to correlate fatty acid composition of hydrocarbon-using filamentous fungi with the hydrocarbon substrate.
The extent of direct incorporation into cellular lipids varies with the organism and with the hydrocarbon being utilized. The fatty acid composition of cells grown on n-decane, n-undecane, or n-dodecane gave little indication that the fatty acids were synthesized other than via de novo synthesis. n-Tridecane-and n-tetradecane-grown cells contained fatty acids homologous to the growth substrate. In addition to the presence of tridecanoic acid in n-tridecane-grown cells, there was an increase in fatty acids with odd-numbered carbon skeletons, from less than 2% in cells grown on other hydrocarbons to 8.4% in cells grown on n-tridecane. Thus, the fatty acids of C. resinae are derived chiefly from de novo synthesis. There is only limited direct incorporation into lipids, but the extent of incorporation increases with the length of the n-alkane substrate.
